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Executive Summary 

This document presents recommended code changes that the California Energy 

Commission will be considering for adoption in 2021. If you have comments or 

suggestions prior to the adoption, please email info@title24stakeholders.com. 

Comments will not be released for public review or will be anonymized if shared.  

Introduction 

The Codes and Standards Enhancement (CASE) Initiative presents recommendations 

to support the California Energy Commissionôs (Energy Commission) efforts to update 

the California Energy Code (Title 24, Part 6) to include new requirements or to upgrade 

existing requirements for various technologies. Three California investor owned utilities 

(IOUs)ðPacific Gas and Electric Company, San Diego Gas and Electric, and Southern 

California Edisonðand two public utilitiesðLos Angeles Department of Water and 

Power and Sacramento Municipal Utility District (herein referred to as the Statewide 

CASE Team when including the CASE Author)ðsponsored this effort. The program 

goal is to prepare and submit proposals that will result in cost-effective enhancements 

to improve energy efficiency and energy performance in California buildings. This report 

and the code change proposals presented herein are a part of the effort to develop 

technical and cost-effectiveness information for proposed requirements on building 

energy-efficient design practices and technologies. 

The Statewide CASE Team submits code change proposals to the Energy Commission, 

the state agency that has authority to adopt revisions to Title 24, Part 6. The Energy 

Commission will evaluate proposals submitted by the Statewide CASE Team and other 

stakeholders. The Energy Commission may revise or reject proposals. See the Energy 

Commissionôs 2022 Title 24 website for information about the rulemaking schedule and 

how to participate in the process: https://www.energy.ca.gov/programs-and-

topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency.  

The overall goal of this Final CASE Report is to present a code change proposal for 

multifamily indoor air quality (IAQ). The report contains pertinent information supporting 

the code change. 

Measure Description 

Background Information 

This report provides proposed updates to Title 24, Part 6 for three submeasures related 

to ventilation in multifamily dwelling units. Submeasure A would require heat or energy 

recovery in multifamily units for whole dwelling unit ventilation in select climate zones 

and primarily provides energy benefits. Submeasure B addresses kitchen ventilation to 

mailto:info@title24stakeholders.com
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency
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reduce pollution from cooking and kitchen appliances, and primarily provides IAQ 

benefits. The requirements are structured by dwelling unit size; while the scope of this 

Final CASE Report is only multifamily buildings, the Statewide CASE Team 

recommends that similar requirements be made for single family multifamily units. 

Submeasure C addresses sealing of central ventilation ducts in multifamily buildings; it 

primarily provides IAQ benefits, but also results in statewide energy savings. While all 

relate to dwelling unit ventilation, each is a stand-alone measure and discussed 

separately in this report. 

A. Energy or heat recovery ventilator (ERV or HRV). This proposed measure builds 

on existing language in the 2019 Title 24, Part 6 Standards that require that all 

new construction multifamily units either provide balanced ventilation or 

demonstrate ñcompartmentalizationòði.e., demonstrate through a blower door 

test that leakage of the dwelling unit envelope area does not exceed a certain 

value. For projects following the balanced ventilation path, the proposed 

requirement for the 2022 Title 24, Part 6 code cycle adds HRV or ERV as a 

prescriptive requirement in California Climate Zones 1-2 and 11-16. This 

proposal aligns with a measure in American Society of Heating, Refrigerating, 

and Air Conditioning Engineers (ASHRAE) Standard 90.1 (added to the 2019 

version) that will require an HRV or ERV for high-rise (buildings with four 

occupiable floors or higher) multifamily dwelling units of new construction in all 

climate zones except ASHRAEðInternational Energy Conservation Code (IECC) 

3C (mild, marine climate zone), which generally maps to California Climate 

Zones 3 through 6. The proposed prescriptive requirement specifies the 

following, to be verified by the building inspector: 

a. Unitary equipment (one ERV or HRV serving each dwelling unit) must 

have a sensible heat recovery efficiency of at least 67 percent, and fan 

efficacy Ò 0.6 W/ cubic feet per minute (cfm);  

b. Central equipment (one ERV or HRV serving multiple dwelling units) must 

have a sensible heat recover effectiveness1 of at least 67 percent, 

minimum fan efficacy as required in Section 140.4, and include a bypass 

function whereby the intake air bypasses the heat exchanger and the 

equipment functions similar to an economizer. 

 

1 Unitary equipment is typically packaged and rated with a sensible recovery efficiency, which accounts 

for the heat transferred from the outgoing air to the incoming airstream and includes the recovery core 

and fan. Central equipment is typically rated with a sensible recovery effectiveness, which accounts for 

the heat transferred from the outgoing air to the incoming airstream and includes only the recovery core, 

since it is sometimes paired with different fans.  
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These requirements would be assumed for the standard design in the 

performance path in Climate Zones 1, 2, and 11-16. In addition, the proposal 

adds a mandatory measure for fan efficacy of 1.0 W/cfm for unitary ERVs/HRVs 

for all climate zones. Projects using central ERVs/HRVs in climate zones not 

regulated under the proposed requirement would continue to comply with 

applicable requirements in Title 24, Part 6 Section 140.4. 

B. Kitchen exhaust minimum capture. Californiaôs 2019 Title 24, Part 6 Standards 

require that dwelling units meet all requirements of ASHRAE Standard 62.2, 

except where specified. The proposed changes are new requirements for range 

hoods to better ensure that a kitchen exhaust system can adequately remove 

cooking-related pollution. Specifically, the proposal builds upon recent research 

from Lawrence Berkeley National Laboratory (LBNL) that estimated the minimum 

range hood capture efficiency needed to maintain fine particulate matter (PM2.5, 

for all ranges) and to maintain nitrogen dioxide (NO2, for natural gas-fueled 

ranges) at acceptable levels specified, depending on the size of the dwelling unit. 

Both pollutants have been linked to numerous health problems. While a 

requirement based exclusively on capture efficiency would be the most direct 

approach to address IAQ, manufacturers have not yet published the capture 

efficiency of their equipment, so there is little market data regarding capture 

efficiency of available products. LBNL research and research conducted for this 

Final CASE Report have found a direct relationship between airflow and capture 

efficiency (i.e., a higher airflow generally results in a higher capture efficiency). 

As additional background, manufacturers are moving toward increasing the static 

pressure requirements during testing through industry stakeholder groups and 

through a working group formed by the ASHRAE 62.2 committee. The proposed 

requirement avoids retesting of range hoods should manufacturer testing 

requirements change. Consequently, the proposal requires that all multifamily 

dwelling units have an exhaust system in the kitchen that meets one of the 

following compliance pathways: 

1. A vented range hood with a minimum capture efficiency shown in Table 1, 

using ASTM Standard E3087-18 at nominal installed airflow (defined in 

HVI Publication 920), or 

2. A vented range hood with a minimum airflow shown in Table 1, at 0.1 

inches water column (w.c.) (25 Pascals [Pa]), or  

3. A vented downdraft kitchen exhaust fan with a minimum airflow of 300 cfm 

at 0.1 inches w.c. (25 Pa) or higher, or 

4. A continuous exhaust system with a minimum airflow equal to five kitchen 

air changes per hour at 50 Pa for enclosed kitchens only (an enclosed 

kitchen is defined as a kitchen whose permanent openings to interior 
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adjacent spaces do not exceed a total 60 square feet (ft2) [6 square 

meters]). 

Table 1. Minimum Range Hood Capture Efficiency (CE) or Airflow Requirements 
by Dwelling Unit Floor Area and Range Fuel, For Demand-Controlled Range 
Hoods 

Floor area of dwelling 
unit 

Hood over electric range Hood over natural gas 
range 

<750 ft2 65% CE or 250 cfm 75% CE or 290 cfm 

751 ï 999 ft2 55% CE or 200 cfm 65% CE or 250 cfm 

1,000 ï 1,500 ft2 55% CE or 175 cfm 55% CE or 200 cfm 

>1,500 ft2 50% CE or 175 cfm 

Pathway 1 is new and pathway 2 is a modification to the existing standard. Pathways 3 

and 4 are kitchen exhaust requirements under ASHRAE Standard 62.2 and adopted 

under Californiaôs 2019 Title 24, Part 6 Standards. Californiaôs 2019 Title 24, Part 6 

Standards added one amendment to ASHRAE Standard 62.2, allowing sound to be 

rated at working speed, as defined by HVI Publication 916.2 The proposed requirement 

maintains these existing requirements. Capture efficiency and airflow would be 

determined in a laboratory and published by manufacturers, as is currently done for 

sound ratings. 

C. Central ventilation duct sealing. This proposal defines a ñcentral ventilation ductò 

(also referred to as a ñcentral ventilation shaftò) as ductwork that serves multiple 

dwelling units and provides dwelling unit ventilation supply or exhaust air. 2019 

Title 24, Part 6 Standards include a requirement that central ventilation systems 

be balanced, to ensure that each dwelling unit receives the required ventilation 

rate. The proposed measure builds on this requirement by requiring that project 

teams seal central ventilation duct systems that provide continuous ventilation 

airflows or that serve as part of dwelling unitsô balanced ventilation system. The 

proposed measure requires field verification of shaft leakage using a fan 

pressurization test to ensure that leakage does not exceed 10 percent of the 

central (e.g., rooftop) fan airflow rate at 50 Pa (0.2 inches w.c.) for central 

ventilation duct serving more than six dwelling units, and does not exceed 6 

percent of the central fan airflow rate at 25 Pa (0.1 inches w.c.) for central 

 

2 As defined in HVI Standard 916: working speed is defined as the speed that produces 100 cfm, or the 

lowest speed above 100 cfm that a hood can produce, when working on the same duct system as the 

maximum speed test. For consistency, if the airflow is less than 60% of the high speed rating, the 

Member may rate working speed at 0.03ôô w.g. For many products, the HVI database publishes multiple 

speeds, including the working speed (which may be rated at less than 0.1ò w.c.) and low, medium, boost, 

or high speed, which are typically rated at 0.1ò w.c. or 0.25ò w.c. 



2022 Title 24, Part 6 Final CASE Report ï 2022-MF-IAQ-F | 15 

ventilation duct serving six or fewer dwelling units. The lower test pressure for 

ducts serving fewer units aligns with current low-rise duct testing requirements, 

and ducts serving fewer units typically have a lower static pressure. 

D. This measure provides cost-effective energy savings through reduced fan energy 

and reduced loss of conditioned air. In addition, central ventilation shaft sealing 

provides IAQ benefits by improving the reliability of supply and exhaust rates, 

and reducing the leakage of exhausted air, which can include various pollutants 

such as PM2.5, NO2, volatile organic compounds (VOCs), and relative humidity 

(which can cause mold) into other interior spaces, including other dwelling units.  

Proposed Code Change 

In order to compare proposed code changes to the current language, the Statewide 

CASE Team refers to the current sections of the 2019 Title 24, Part 6 Standards. The 

current standard has separate sections for low-rise and high-rise multifamily dwelling 

units. However, if the proposed code requirement for a unified multifamily section is 

accepted, the Statewide CASE Team would make one requirement for all multifamily 

units.  

This Final CASE Report proposes three sets of requirements, one that is primarily 

prescriptive but includes a mandatory fan efficacy requirement, and two that are 

mandatory, for ventilation in all multifamily new construction and additions: 

¶ Submeasure A: ERV/HRV - For multifamily dwelling units following the balanced 

ventilation path in Section 150.0(o)1Ei (in the low-rise residential standards) or 

Section 120.1(b)2Aivb1 (in the nonresidential standard), this proposal would 

require that an ERV or HRV be installed in California Climate Zones 1, 2, and 11-

16. The HRV or ERV must provide sensible heat recovery of at least 67 percent. 

HRVs or ERVs serving multiple dwelling units must have a bypass function, in 

which the incoming outdoor air bypasses the heat exchanger when the outdoor 

air temperature is below the cooling set point. The presence of the bypass 

function on central ERVs/HRVs would be verified by the building inspector, and 

functional testing of the bypass function would be conducted by an Acceptance 

Testing Technician (ATT).  

¶ Submeasure B: Kitchen exhaust minimum capture - All kitchen exhaust systems 

must meet one of four pathways. The first path is a minimum capture efficiency 

and the second is a minimum airflow for demand-controlled hoods. As shown in 

Table 2, the requirements vary by dwelling unit size, because a smaller unit 

provides less volume for diluting pollutants, and requirements are higher for 

hoods over natural gas ranges because of the nitrogen dioxide and other 

pollutants released. Capture efficiency is measured at nominal installed airflow 

(defined by HVI Publication 920) and airflow at 0.1 inches w.c. (25 Pa).  
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Table 2. Minimum Range Hood Capture Efficiency (CE) or Airflow Requirements 
by Dwelling Unit Floor Area and Range Fuel, for Demand-Controlled Range Hoods 

Floor area of dwelling 
unit 

Hood over electric range Hood over natural gas 
range 

<750 ft2 65% CE or 250 cfm 75% CE or 290 cfm 

751 ï 999 ft2 55% CE or 200 cfm 65% CE or 250 cfm 

1,000 ï 1,500 ft2 55% CE or 200 cfm 55% CE or 200 cfm 

>1,500 ft2 50% CE or 175 cfm 

The third path is kitchen exhaust systems may consist of a downdraft kitchen 

exhaust with a minimum airflow of at least 300 cfm at 0.1 inches w.c. (25 Pa) fan. 

The fourth path (available for enclosed kitchens only) is a continuous exhaust 

system with a minimum airflow of at least 5 air changes per hour at 50 Pa.  

¶ Submeasure C: Central ventilation duct sealingðAll ventilation ducts serving 

multiple dwelling units that provide continuous airflows or serve as part of 

dwelling unitsô balanced ventilation systems must be sealed. Field verification 

must be done by an ATT. The ATT must show that leakage does not exceed 6 

percent of central (e.g., rooftop) fan design airflow rate at 50 Pa (0.2 inches w.c.) 

for central ventilation ducts serving more than six units and at 25 Pa (0.1 inches 

w.c.) for those serving six or fewer units, and the ATT can use sampling for the 

field verification.  

Scope of Code Change Proposal 

Table 3 summarizes the scope of the proposed changes and which sections of 

standards, Reference Appendices, Alternative Calculation Method Reference Manual, 

and compliance documents would be modified as a result of the proposed change(s). 

All proposed changes would apply to new construction and additions. Alterations would 

only be affected if the existing ventilation systems are replaced as part of an alteration 

to an existing building for low-rise multifamily units (under existing language in Section 

150.2), and if the existing range hood system is replaced as part of an alteration to an 

existing building for high-rise multifamily units (under proposed language in Section 

141.0). 
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Table 3: Scope of Code Change Proposal 

Measure 
Name 

Type of 
Requirement 

Modified 
Section(s) of 
Title 24, Part 
6 

Modified 
Title 24, Part 
6 
Appendices 

Would 
Compliance 
Software Be 
Modified 

Modified 
Compliance 
Document(s) 

ERV/HRV Prescriptive 120.1(b)2Aivb 
and 140.X for 
high-rise, 
150.0(o)1E, 
150.1(c)X for 
low-rise 
multifamily 

Nonresidentia
l Appendix 
2.4, 
Residential 
Appendix 
3.4.4 

Y CF1R, CF2R, 
CF3R, 
NRCA, 
NRCC, 
NRCV 

Kitchen 
Exhaust 
Minimum 
Capture 

Mandatory 120.1(b)2Avi, 
141.0(a), 
141.0(b) for 
high-rise; 
150.0(o)1G for 
low-rise 
multifamily 

Nonresidentia
l Appendix 
2.2.4.1.3, 

Residential 
Appendix 
3.7.4.3 

N CF2R, CF3R, 
NRCA, 
NRCC, 
NRCV 

Central 
Ventilation 
Duct 
Sealing 

Mandatory 120.4(g), 
120.5(a)3, 
140.4(l) and 
141.0(b)2 for 
high-rise, 
150.0(m)11 
for low-rise 
multifamily 

Nonresidentia
l Appendix 
1.6.3, 1.9.1, 
2.1.4.2 

Residential 
Appendix 
2.6.2 

Y CF2R, CF3R, 
NRCA, 
NRCC, 
NRCV 

Market Analysis and Regulatory Assessment 

In general, this analysis found that all three measures are technically feasible for all 

multifamily new construction prototypes. 

ERVs and HRVs are not frequently used in the market for multifamily projects,3 but are 

sometimes used under local ordinances such as San Francisco Article 38 (which 

requires MERV-13 filtered balanced or supply-only ventilation in areas of San Francisco 

with high outdoor particulate matter). ERVs and HRVs are likely to become more 

common as a balanced ventilation pathway under 2019 Title 24, Part 6, which requires 

 

3 ERVs and HRVs have become more common for single family homes under Title 24-2016, in part 

because the modeling software allowed projects to assume a balanced ventilation (with two fans) as the 

standard model, which allowed the projects to claim more energy savings than compared to an exhaust-

only (one-fan) ventilation system. 
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either balanced ventilation or air tightness (ñcompartmentalizationò) for all new 

construction multifamily dwelling units. Under the proposed requirement for HRVs or 

ERVs project teams could choose to install either unitary ERVs or HRVsði.e., one per 

dwelling unit, or central ERVs or HRVsði.e., each ERV or HRV serves multiple dwelling 

units. Different approaches may be optimal under different scenarios. 

Kitchen ventilation should always be installed in new construction multifamily units 

under current requirements. This proposal adds a new compliance path for kitchen 

exhaust: a minimum capture efficiency for range hoods. Because the capture efficiency 

test method is new and manufacturer organizations are in the process of establishing 

rating points for capture efficiency, there are no published capture efficiency values in 

product specifications or range hood databases. Consequently, the Statewide CASE 

Team provides alternative compliance paths based on airflows. The second compliance 

path increases the minimum airflow rate of range hoods from 100 cfm (in 2019 Title 24, 

Part 6 by reference to ASHRAE Standard 62.2). The minimum capture efficiency and 

airflow depend on unit size and fuel type. In general, the minimum range hood capture 

efficiency and airflow are higher for small dwelling units due to the smaller volume of air 

for dilution, and over natural gas ranges due to the nitrogen dioxide they generate. The 

alternative pathways based on airflow (cfm) enable project teams to immediately identify 

which products can comply and would help ensure that adequate capture efficiency is 

achieved until the industry transitions to the capture efficiency metric. 

The Statewide CASE Team conducted analyses of products in the Home Ventilating 

Institute (HVI) database and found that most products comply with the proposed 

requirements, except for microwave range hoods over natural gas ranges in dwelling 

units smaller than 750 ft2. 

Table 4: Percent of compliant range hood products with proposed requirements 

Minimum airflow Trigger under proposal Percent of compliant 
products (vertical 
discharge) 

Ó175 cfm Hoods over electric ranges in units 
1,000 ft2 or larger, or hoods over 
natural gas ranges in units 1,500 ft2 
or larger 

93% microwave, 

98% undercabinet, 

100% chimney 

Ó200 cfm Hoods over electric ranges in units 
750 to 1,000 ft2, or hoods over 
natural gas ranges in units 1,000 to 
1,500 ft2 

93% microwave, 

98% undercabinet, 

100% chimney 

Ó250 cfm Hoods over electric ranges in units 
smaller than 750 ft2, or hoods over 
natural gas ranges in units 750 to 
1,000 ft2 

77% microwave, 

84% undercabinet, 

100% chimney 
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Ó290 cfm Hoods over natural gas ranges in 
units smaller than 750 ft2 

19% microwave, 

67% undercabinet, 

92% chimney 

In addition, the proposed requirement retains two other compliance options (in 2019 

Title 24, Part 6 by reference to ASHRAE I Standard 62.2): downdraft exhaust with a 

minimum airflow rate of 300 cfm, or, in enclosed kitchens only, continuous airflow of five 

kitchen air changes per hour at 50 Pa (0.2 inches w.c.) (ACH50).  

Central ventilation ducts are sometimes used in new construction multifamily buildings, 

particularly for high-rise buildings. While 2019 Title 24, Part 6 required leakage testing 

for certain types of ductsðincluding some types of ducts carrying conditioned air in 

commercial buildings and ducts carrying conditioned air in residential buildingsð

leakage testing is not required for ventilation ducts in multifamily buildings. Industry 

standard practice also does not call for leakage testing of multifamily ventilation ducts, 

because they typically have a pressure lower than the 3 inches w.c. that has 

traditionally been the recommended minimum for triggering duct testing. Because ATTs 

(as well as HERS Raters) test leakage in other types of ducts, the market should be 

equipped for leakage testing multifamily ventilation ducts.  

Cost Effectiveness  

The benefit-to-cost (B/C) ratio compares the benefits or cost savings to the costs over 

the 30-year period of analysis. Proposed code changes with a B/C ratio of 1.0 or greater 

are cost effective. The larger the B/C ratio, the faster the measure pays for itself from 

energy cost savings. All cost-effectiveness analysis was done for new construction 

buildings. The same analysis should apply for additions. The proposals do not apply to 

alterations except where these types of ventilation systems are replaced as part of 

alterations to an existing building in low-rise multifamily units (under existing language in 

Section 150.2) and if the existing range hood system is replaced as part of an alteration 

to an existing building for high-rise multifamily units (under proposed language in 

Section 141.0). 

¶ Submeasure A: ERV/HRV - The proposed ERV/HRV code change was found to 

be cost effective for all climate zones where it is proposed to be required: 

California Climate Zones 1, 2, and 11-16. The B/C ratio for this measure ranged 

between 1.25 and 4.5 depending on climate zone, for all climate zones where the 

measure is proposed. 

¶ Submeasure B: Kitchen exhaust minimum capture - The Statewide CASE Team 

did not estimate cost effectiveness for the proposed kitchen exhaust system code 

change, because the primary purpose is improving IAQ. The purpose of this 

measure is to ensure adequate IAQ, given new envelope requirements that 
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should reduce natural infiltration. These requirements include the requirement for 

Quality Insulation Installation (QII) for low-rise multifamily buildings in 2019 Title 

24, Part 6; a proposed version of QII for high-rise multifamily buildings for 2022 

Title 24, Part 6; and the compartmentalization path added in 2019 Title 24, Part 

6. Consequently, the Statewide CASE Team does not need to show that the 

measure is cost effective. Based on a comparison of a sample of ranges that do 

and do not comply with the proposed minimum airflow requirement of 250 cfm 

and 290 cfm (for units less than 750 ft2 with electric range or less than 1,000 with 

gas range), the Statewide CASE Team found compliant products were on 

average more expensive than non-compliant products at these high airflows, 

which are required for small dwelling units, and particularly with natural gas 

ranges. However, research has highlighted higher airflows are needed to 

maintain acceptable IAQ in these scenarios. 

¶ Submeasure C: Central ventilation duct sealing - The proposed code change was 

found to be cost effective for all climate zones. The B/C ratio for this measure 

ranged between 4 and 50 depending on climate zone and prototype. The 

Statewide CASE Team proposes that ATTs can test a sample of central 

ventilation ducts to reduce costs, when conducting the leakage test.  

CASE Reports have historically assumed 30 years for residential measures, 30 years 

for commercial envelope measures, and 15 years for other commercial measures (such 

as lighting and heating, ventilation, and air conditioning [HVAC] proposals). Because 

these measures only affect the residential spaces in multifamily buildings, the Statewide 

CASE Team applied the residential assumptions of 30 years. Furthermore, the 

Statewide CASE Team used a 30-year period of analysis instead of a 15-year period of 

analysis for the ERV/HRV and central ventilation duct sealing measures because a 

strategy that includes heat or energy recovery, particularly the associated supply and 

exhaust ductwork, would be expensive to switch out. As such, the ductwork is expected 

to be maintained for at least 30 years. For the central ventilation duct sealing measure, 

the general ventilation strategy is unlikely to change in the future. For example, if a 

building has central ventilation ducts, it is unlikely that it would be altered to individual 

dwelling unit (unitary) ventilation within 30 years.  

See Section 5 for the methodology, assumptions, and results of the cost-effectiveness 

analysis.  

Statewide Energy Impacts: Energy, Water, and Greenhouse Gas (GHG) 
Emissions Impacts 

Table 5 presents the estimated energy and demand impacts of the proposed code 

changes for the ERV/HRV and central ventilation duct sealing measures that would be 

realized statewide during the first 12 months that the 2022 Title 24, Part 6 requirements 
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are in effect. First-year statewide energy impacts are represented by the following 

metrics: electricity savings in gigawatt-hours per year (GWh/yr), peak electrical demand 

reduction in megawatts (MW), natural gas savings in million therms per year (million 

therms/yr), and time dependent valuation (TDV) energy savings in British thermal units 

per year (TDV kBtu/yr). See Section 6 for more details on the first-year statewide 

impacts, and Section 4 contains details on the per-unit energy savings calculated by the 

Statewide CASE Team.  

Table 5 does not include energy savings for the Submeasure B kitchen exhaust 

minimum capture proposed code change, because the primary purpose of this measure 

is to improve IAQ. As described in Section 2.2.2 cooking pollution includes PM2.5, NO2 

(from gas-fired cooking equipment), and carbon monoxide (CO), which have significant 

deleterious health effects, and it is important that occupants have an appliance that can 

effectively remove this pollution, particularly as the industry moves to tighten envelopes 

for energy efficiency. In general, the Statewide CASE Team does not anticipate a 

significant energy impact from the proposed kitchen exhaust measure, as described in 

Section 4.2. 

Table 5: First-Year Statewide Energy and Impacts  

Measure 

 

Electricity 
Savings 

(GWh/yr) 

Peak Electrical 
Demand 
Reduction 

(MW) 

Natural Gas 
Savings 

(million 
therms/yr) 

TDV Energy 
Savings 

(TDV 
kBtu/yr) 

Submeasure A: 
ERV/ HRV (Total) 

 0.04   1.23   0.20   81.52  

New Construction  0.04   1.23   0.20   81.52  

Additions and 
Alterations 

N/A  N/A N/A N/A 

Submeasure C: 
Central Ventilation 
Duct Sealing 
(Total) 

0.29 0.91 0.20 59.18 

New Construction 0.29 0.91 0.20 59.18 

Additions and 
Alterations 

N/A N/A N/A N/A 

Table 6 presents the estimated avoided GHG emissions associated with the proposed 

code change for the first year the standards are in effect. Avoided GHG emissions are 

measured in metric tons of carbon dioxide equivalent (Metric Tons CO2e). Assumptions 

used in developing the GHG savings are provided in Section 6.3.2 and Appendix C of 

this report. The monetary value of avoided GHG emissions is included in TDV cost 

factors and is thus included in the cost-effectiveness analysis. 
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 Table 6: First-Year Statewide GHG Emissions Impacts 

Measure Avoided GHG Emissions 

(Metric Tons CO2e/yr) 

Monetary Value of 
Avoided GHG Emissions 

($2023) 

Submeasure A: ERV/ 
HRV (Total) 

 1,117  $118,580 

Submeasure C: Central 
Ventilation Duct Sealing 
(Total) 

 1,146  $34,377 

Total 2,263 $152,957 

Water and Water Quality Impacts 

The proposed measure is not expected to have any impacts on water use or water 

quality, excluding impacts that occur at power plants. 

Compliance and Enforcement 

Overview of Compliance Process 

The Statewide CASE Team worked with stakeholders to develop a recommended 

compliance and enforcement process and to identify the impacts this process would 

have on various market actors. The compliance process for each measure is described 

in Sections 2.1.5, 2.2.5, and 2.3.5. Impacts that the proposed measure would have on 

market actors are described in Sections 3.1.3, 3.2.3, 3.3.3, and Appendix E. The key 

issues related to compliance and enforcement are summarized below:  

¶ Submeasure A: ERV/HRV 

o The project team shall identify if an ERV or HRV is required in the 

prescriptive path or is included in the performance path. They would 

determine this based on the projectôs compliance path (i.e., balanced 

ventilation, which triggers the ERV/HRV proposed requirement; or 

compartmentalization, which does not) and if the project is in Climate 

Zone 1, 2, 11, 12, 13, 14, 15, or 16. The compliance software should 

also trigger the proper enforcement documentation requirements and 

functional testing (of the bypass function for central ERVs/HRVs) by 

ATTs. 

o If an ERV or HRV is required 

Á The project team chooses and installs qualifying equipment, 

including equipment with the minimum sensible recovery 
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efficiency (SRE)4 and fan efficacy. If a central ERV or HRV would 

be used, the project team would ensure the system includes a 

bypass function. The CBECC-Com performance compliance form 

(NRCC-PRF-01) indicates whether the bypass function has been 

checked. 

Á The building inspector verifies that the equipment is installed if 

required, and it has bypass (if required). A HERS Rater or ATT 

verifies that the ERV or HRV meets the minimum SRE and fan 

efficacy requirements based on the model number, and that the 

bypass (for central ERVs/HRVs) is reported in the compliance 

document. 

o If an ERV or HRV is not required but the project team elects to install 

one, the building inspector verifies that it meets the minimum fan efficacy 

in the mandatory requirements proposed for ERVs/HRVs in this Final 

CASE Report. 

¶ Submeasure B: Kitchen exhaust minimum capture 

o The project team specifies a kitchen exhaust system that complies with 

the requirement based on its sound rating and either its capture 

efficiency or its airflow information, using product information in the 

Home Ventilating Institute (HVI) or Association of Home Appliance 

Manufacturers (AHAM) Certified Products Directory. The project team 

installs the equipment. 

o The building inspector verifies that the kitchen has exhaust that vents to 

outside the building per one of the allowable kitchen exhaust compliance 

paths. 

o A HERS Rater or ATT verifies that the installed equipment complies with 

at least one of the compliance paths using the product make and model 

number and the HVI or AHAM database.  

¶ Submeasure C: Central ventilation duct sealing 

o The project team identifies the location of central ventilation ducts and 

specifies sealing materials and strategies. 

o The project team seals the central ventilation ducts during construction. 

 

4 Or in the case of a central HRV or ERV, minimum sensible recovery effectiveness  
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o The ATT determines the maximum amount of leakage based on the 

number of units it serves and verifies that the total measured leakage 

rate of the central ventilation ducts meets the maximum leakage 

requirement using a fan pressurization test. Field verification of the 

system total leakage for all systems in a building may use sampling 

according to the procedures described in RA2 and NA1, although the 

Statewide CASE Team proposes a higher sampling rate for this measure 

(one in three) than exists for other measures (one in seven).  

Field Verification and Diagnostic Testing  

¶ Submeasure A: ERV/HRV 

o A HERS Rater or ATT confirms that the equipment and intake and 

exhaust ducting are installed where required, documents the model 

number, confirms that it meets SRE and fan efficacy requirements, and 

(if it is a central ERV or HRV) verifies that it includes bypass. 

¶ Submeasure B: Kitchen exhaust minimum capture 

o An ATT or HERS Rater documents the model number and verifies that 

the installed equipment complies with at least one of the compliance 

paths. 

¶ Submeasure C: Central ventilation duct sealing 

o The ATT verifies that a sample of central ventilation ducts meet the 

maximum leakage requirement using a fan pressurization test and 

documents the leakage test results, using sampling procedures. The 

Statewide CASE Team is proposing that the sampling procedures 

described in RA2 and NA1 be expanded to address this measure but 

specify that a minimum of one in three central ventilation duct systems 

be tested. This is more stringent than the sampling requirement of one in 

seven used for other measures. The Statewide CASE Team proposes a 

higher sampling rate for this measure, because some buildings would 

only have a few central ventilation duct systems (e.g., seven systems in 

the strategy assumed for the high-rise prototype), so testing only one 

system would not provide enough rigor. In addition, the cost of testing is 

fairly low (as documented in this report), and the measure is still cost 

effective at the higher sampling rate of one in three. For each system 

sampled for testing, the ATT must test the entire central ventilation duct 

system from its connection point with the central fan to the connection 

point within the unit; testing sections of the system is not permitted. 
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See Section 2.1.5, Section 2.2.5, and 2.3.5 for additional information on compliance and 

enforcement for the ERV/HRV, kitchen exhaust minimum capture, and central 

ventilation duct sealing submeasures, respectively.  
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 Introduction 
This document presents recommended code changes that the California Energy 

Commission will be considering for adoption in 2021. If you have comments or 

suggestions prior to the adoption, please email info@title24stakeholders.com. 

Comments will not be released for public review or will be anonymized if shared.  

The Codes and Standards Enhancement (CASE) initiative presents recommendations 

to support the California Energy Commissionôs (Energy Commission) efforts to update 

the California Energy Code (Title 24, Part 6) to include new requirements or to upgrade 

existing requirements for various technologies. Three California Investor Owned Utilities 

(IOUs)ðPacific Gas and Electric Company, San Diego Gas and Electric, and Southern 

California Edisonðand two Public Utilities ðLos Angeles Department of Water and 

Power and Sacramento Municipal Utility District (herein referred to as the Statewide 

CASE Team when including the CASE Author)ðsponsored this effort. The program 

goal is to prepare and submit proposals that would result in cost-effective 

enhancements to improve energy efficiency and energy performance in California 

buildings. This report and the code change proposal presented herein are a part of the 

effort to develop technical and cost-effectiveness information for proposed requirements 

on building energy-efficient design practices and technologies. 

The Statewide CASE Team submits code change proposals to the Energy Commission, 

the state agency that has authority to adopt revisions to Title 24, Part 6. The Energy 

Commission will evaluate proposals submitted by the Statewide CASE Team and other 

stakeholders. The Energy Commission may revise or reject proposals. See the Energy 

Commissionôs 2022 Title 24 website for information about the rulemaking schedule and 

how to participate in the process: https://www.energy.ca.gov/programs-and-

topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency.  

The overall goal of this Final CASE Report is to present a code change proposal for 

multifamily indoor air quality. The report contains pertinent information supporting the 

code change. 

When developing the code change proposal and associated technical information 

presented in this report, the Statewide CASE Team worked with a number of industry 

stakeholders including manufacturers, mechanical engineers, HERS Raters, sheet 

metal workers, utility incentive program managers, Title 24, Part 6 energy analysts, and 

others involved in the code compliance process. The proposal incorporates feedback 

received during public stakeholder workshops that the Statewide CASE Team held on 

August 22, 2019 and on March 25, 2020. The Energy Commission also hosted an IAQ 

workshop to discuss research related to the range hood topic on September 30, 2020. 

Notes from the stakeholder meetings are available here: 

mailto:info@title24stakeholders.com
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency
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https://title24stakeholders.com/wp-content/uploads/2019/07/T24-2022-MF-HVAC-

Envelope-Meeting-Notes_Final.pdf  

The following is a brief summary of the contents of this report:  

¶ Section 2: Measure Description of this Final CASE Report provides a description 

of the measure and its background. This section also presents a detailed 

description of how this code change is accomplished in the various sections and 

documents that make up the Title 24, Part 6 Standards. 

¶ Section 3: In addition to the Market Analysis, this section includes a review of the 

current market structure. Sections 3.1.2, 3.2.2, and 3.3.2 describe the feasibility 

issues associated with the code change, including whether the proposed 

measure overlaps or conflicts with other portions of the building standards, such 

as fire, seismic, and other safety standards, and whether technical, compliance, 

or enforceability challenges exist.  

¶ Section 4: Energy Savings presents the per-unit energy, demand reduction, and 

energy cost savings associated with the proposed code change. This section 

also describes the methodology that the Statewide CASE Team used to estimate 

per-unit energy, demand reduction, and energy cost savings. 

¶ Section 5: This section includes a discussion and presents analysis of the 

materials and labor required to implement the measure and a quantification of 

the incremental cost. It also includes estimates of incremental maintenance 

costs, i.e., equipment lifetime and various periodic costs associated with 

replacement and maintenance during the period of analysis.  

¶ Section 6: First-Year Statewide Impacts presents the statewide energy savings 

and environmental impacts of the proposed code change for the first year after 

the 2022 code takes effect. This includes the amount of energy that will be saved 

by California building owners and tenants and impacts (increases or reductions) 

on material with emphasis placed on any materials that are considered toxic by 

the State of California. Statewide water consumption impacts are also reported in 

this section. 

¶ Section 7: Proposed Revisions to Code Language concludes the report with 

specific recommendations with strikeout (deletions) and underlined (additions) 

language for the Standards, Reference Appendices, Alternative Calculation 

Method (ACM) Reference Manual, Compliance Manual, and compliance 

documents.  

¶ Section 8: Bibliography presents the resources that the Statewide CASE Team 

used when developing this report. 

https://title24stakeholders.com/wp-content/uploads/2019/07/T24-2022-MF-HVAC-Envelope-Meeting-Notes_Final.pdf
https://title24stakeholders.com/wp-content/uploads/2019/07/T24-2022-MF-HVAC-Envelope-Meeting-Notes_Final.pdf
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¶ Appendix A: Statewide Savings Methodology presents the methodology and 

assumptions used to calculate statewide energy impacts. 

¶ Appendix B: Embedded Electricity in Water Methodology presents the 

methodology and assumptions used to calculate the electricity embedded in 

water use (e.g., electricity used to draw, move, or treat water) and the energy 

savings resulting from reduced water use. 

¶ Appendix C: Environmental Impacts Methodology presents the methodologies 

and assumptions used to calculate impacts on greenhouse gas (GHG) emissions 

and water use and quality. 

¶ Appendix D: California Building Energy Code Compliance (CBECC) Software 

Specification presents relevant proposed changes to the compliance software (if 

any).  

¶ Appendix E: Impacts of Compliance Process on Market Actors presents how the 

recommended compliance process could impact identified market actors. 

¶ Appendix F: Summary of Stakeholder Engagement documents the efforts made 

to engage and collaborate with market actors and experts. 

¶ Appendix G: Infiltration Assumptions and Multifamily Building Leakage Data 

describes the infiltration assumptions used for the mid-rise and high-rise 

prototypes for the ERV/HRV measure and supporting data for those assumptions 

¶ Appendix H: Prototype Building Description shows the prototype assumptions for 

the energy models, including number of floors, building dimensions, and example 

floor lay-outs 

¶ Appendix I: Methodology for Testing Capture Efficiency for Sample of Range 

Hoods describes how range hoods were selected and tested for laboratory 

testing of capture efficiency  

¶ Appendix J: Range Hood Capture Efficiency Test Results provides the full results 

for capture efficiency of six range hoods tested in a laboratory through this 

project 

¶ Appendix K: Nominal TDV Energy Savings provides monetized energy savings in 

nominal dollars, without net present values applied 
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 Measure Description  
This Final CASE Report proposes three changes related to multifamily dwelling unit 

ventilation requirements, all of which either improve indoor air quality, provide energy 

savings, or accomplish both: 

¶ Submeasure A: Heat Recovery Ventilator (HRV)/Energy Recovery Ventilator 

(ERV) 

¶ Submeasure B: Kitchen Exhaust Minimum Capture 

¶ Submeasure C: Central Ventilation Duct Sealing 

For all submeasures, because Title 24, Part 6, Sections 120.1, 140.X, 150.0(o), and 

150.1(c)X apply only to newly constructed buildings, unless where specified, the 

proposals would not affect alterations unless the existing ventilation equipment is 

replaced. The Statewide CASE Team is proposing that all submeasures affect 

additions, since the new construction energy, cost, and market analysis for these 

measures would apply to additions. 

In order to compare proposed code changes to the current language, the Statewide 

CASE Team refers to the current sections of the 2019 Title 24, Part 6 Standards. The 

current standard has separate sections for low-rise and high-rise multifamily dwelling 

units. However, if the proposed code requirement for a unified multifamily section is 

accepted, the Statewide CASE Team would make one requirement for all multifamily 

units.  

These measures are stand-alone (i.e., are separate proposals). However, a balanced 

ventilation system using central ventilation ductsðdefined here as ventilation duct 

systems serving more than one dwelling unitðwould be affected by the requirements in 

both Submeasure A (heat or energy recovery ventilation), and Submeasure C (central 

ventilation duct sealing). 

2.1 Submeasure A: ERV/HRV 

2.1.1 Measure Overview 

An HRV captures outgoing energy (sensible) in exhausted air and transfers it to 

incoming air, thus essentially preheating or precooling incoming air. An ERV does the 

same thing but also transfers moisture, thereby transferring latent energy. ERVs and 

HRVs span a wide range of costs, and this analysis did not conduct a robust 

comparison of costs between HRVs and ERVs. However, ERVs tend to be slightly more 

expensive. The Statewide CASE Team also found that ERVs were more likely to 

include an option for MERV 13 filtration, which is a requirement in 2019 Title 24, Part 6.  
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The ERV/HRV submeasure is primarily an energy savings measure, and the proposed 

code change would only apply to climates zones where analysis shows it is cost 

effective. The submeasure would also provide comfort and air quality benefits to 

occupants compared to other balanced ventilation strategies that provide unconditioned 

supply air. 

For multifamily dwelling units following the balanced ventilation path in Section 

150.0(o)1E (for low-rise multifamily dwelling units) or 120.1(b)2Aivb (for high-rise 

dwelling units), this proposal would set the prescriptive standard for the ventilation 

system to an ERV or HRV in California Climate Zones 1, 2, and 11-16. The standard 

HRV or ERV would have a heating sensible recovery efficiency (SRE) or a heating net 

sensible effectiveness of 67 percent and fan efficacy of 0.6 W/cfm.  

For multifamily dwelling units following the compartmentalization path in Section 

120.1(b)2Aivb (for high-rise dwelling units) or Section 150.0(o)1E (for low-rise 

multifamily dwelling units), there is no additional requirement. The exception is, if project 

teams choose to install HRVs or ERVs where they are not required in the prescriptive 

path, the equipment must meet a minimum fan efficacy: 1.0 W/cfm for unitary ERVs / 

HRVs (each one serving a single dwelling unit) and the fan efficacy requirements in Title 

24, Part 6 Section 140.4 for central ERVs/HRVs (one ERV or HRV serves multiple 

dwelling units). This mandatory fan efficacy is intended as a backstop to eliminate the 

least efficient ERVs or HRVs from use. 

The proposal is a prescriptive measure and would affect all multifamily dwelling units 

that are new construction and additions. As a prescriptive measure, the Standard 

Design in the performance approach would include this measure. The Statewide CASE 

Team proposes this as a prescriptive, rather than a mandatory measure, to provide 

project teams with more flexibility: Project teams in the affected climate zones that use a 

performance approach could choose not to install this measure but would have to 

exceed energy efficiency requirements elsewhere in their design. 

This requirement only affects alterations that replace ventilation equipment in low-rise 

multifamily units (under existing language in Section 150.2).  Many existing multifamily 

buildings have no whole dwelling unit ventilation and use operable windows, but no 

continuous exhaust or balanced ventilation system. Adding an ERV or HRVðwhich 

may include adding ductwork if the dwelling unit does not have forced air heating or 

coolingðcould be costly and difficult because of existing space constraints (e.g., less 

space for soffits for ductwork).  

Any project that is not subject to this requirement, but chooses to install an ERV or 

HRV, would not be subject to the prescriptive minimum SRE proposed. For example, for 

newly constructed multifamily dwelling units in Climate Zones 3-10 or units that use 

compartmentalization to meet the requirements of Section 150.0(o)1E or Section 
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120.1(b)2Aivb, the prescriptive baseline ventilation system would not include heat 

recovery.  

The following flow chart provides an overview of the proposed scope. To avoid 

confusion, a flowchart similar to below could be incorporated into the compliance 

manual. 

 

Figure 1: Overview of multifamily dwelling units affected by proposed ERV/HRV 
code change.  

This proposal adds field verification to ensure that the HRV or ERV equipment meets 

the sensible heat recovery requirement. The proposal would add requirements for a 

technology that had been allowed under current and past requirements of Title 24, Part 

6, but were not required previously. 

2.1.2 Measure History 

This proposal would provide cost-effective energy savings by requiring the exhaust 

stream of a balanced ventilation system to pass through an ERV or HRV so that 

incoming ventilation air is preheated or precooled. 

As background, HRVs and ERVs transfer heat between exhaust and fresh intake air in 

order to reduce heating and cooling loads in a building. Heat can be transferred 

between the two air supplies using rotary wheels, fixed plate heat exchangers, heat 

pipes, and run-around systems. Latent heat and sensible heat can be transferred using 

rotary wheels (a circular honeycomb structure that is rotated within the air streams) or 

fixed plate heat exchangers (stacked metal plates that may be humidity permeable used 

to pass air through in order to transfer heat through plates). Figure 2 provides an 

example schematic. 
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Figure 2: Example HRV diagram. 

Source: BC Housing, n.d.  

The difference between an HRV and ERV is that while both transfer sensible energy, an 

ERV transfers additional latent energy because it also transfers humidity. Sensible 

energy heat exchange is the difference in the dry bulb temperature between the 

incoming outdoor air and the exhausted indoor air. During the heating season, the ERV 

also transfers moisture from the outgoing air to the incoming airstream. Conversely, 

during the cooling season, the ERV transfers moisture to or from the outdoor airstream 

depending on which whether outdoor humidity is lower or higher than indoors. The 

proposed code change would allow project teams to choose either an HRV or ERV 

system.  

Unitary HRV and ERV equipment have an SRE rating, which is defined as follows by 

the Home Ventilating Institute (HVI):  

ñSRE: The net sensible energy recovered by the supply airstream as adjusted by 

electric consumption, case heat loss or heat gain, air leakage, airflow mass 

imbalance between the two airstreams and the energy used for defrost (when 

running the Very Low Temperature Test), as a percent of the potential sensible 

energy that could be recovered plus the exhaust fan energy ò (Home Ventilating 

Institute 2017).  

Thus, the SRE signifies how much sensible energy in the outgoing airstream is 

transferred to the incoming airstream, and a higher SRE denotes more energy returned 

to the conditioned space captured. This proposal uses an SRE value, which captures 

sensible but not latent heat recovery because the HVI database currently lists SRE 

values but not an indicator of total (sensible and latent) recovery efficiency. For 

Californiaôs dry summer and mild winter climates, SRE is the important metric.  

As described in Section 3.1.2, the median SRE is 69 percent for both ERVs and HRVs 

in the HVI database, so project teams should not have difficulty meeting the proposed 

requirement with either an HRV or ERV. 
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Unitary equipment is typically packaged and rated with an SRE, which accounts for the 

heat transferred from the outgoing air to the incoming airstream and includes the 

recovery core and fan. Central equipment is typically rated with a sensible recovery 

effectiveness, which accounts for the sensible heat transferred from the outgoing air to 

the incoming airstream and includes only the recovery core, since it is sometimes paired 

with different fans. CBECC-Res and CBECC-Comm allow users to input an SRE value 

and a sensible recovery effectiveness value, respectively. The Statewide CASE Team 

proposes the same minimum valueð67 percent, for both the minimum SRE (typically 

used for unitary equipment) and sensible recovery effectiveness (typically used for 

central equipment).  

This is the first proposed code change that would require ERVs or HRVs for Title 24, 

Part 6. The 2019 Title 24, Part 6 Standards have allowed ERVs and HRVs under the 

performance approach, but there is no existing requirement for them in Californiaôs 

Energy Code.  

The 2022 version of ASHRAE Standard 90.1 includes a new addendum requiring an 

HRV or ERV in high-rise multifamily buildings. This addendum provides an exception for 

International Energy Conservation Code (IECC) Climate Zone 3C, which covers almost 

all of California Climate Zones 3 through 6 and parts of California Climate Zones 1, 2, 6 

and 9. Figure 5 in Section 2.1.4.4 provides a map comparing ASHRAE Climate Zone 3c 

and the California climate zones. The Statewide CASE Team based its requirements on 

which climate zones this analysis showed the ERV/HRV measure to be cost effective. 

The Statewide CASE Team may have found that the measure is cost effective for 

different areas of California than ASHRAE 90.1 because of several differences in 

methodology. This includes that the Statewide CASE Team used TDV savings, whereas 

ASHRAE 90.1 uses a different metric; the Statewide CASE Team modeled savings at a 

more granular level within California (the 16 climate zones designated by the California 

Energy Commission), rather than the IECC climate zones, which are coarser for 

California (for example, IECC Climate Zone 3C covers part of six climate zones as 

designated by the Energy Commission); and the Statewide CASE Team used the 

prototype buildings approved by the Energy Commission. 

2.1.3 Summary of Proposed Changes to Code Documents  

The sections below summarize how the standards, Reference Appendices, ACM 

Reference Manuals, and compliance documents would be modified by the proposed 

change. See Section 7 of this report for detailed proposed revisions to code language. 

The Energy Commission is planning consolidation of low-rise and high-rise multifamily 

requirements under a new multifamily section(s) in 2022 Title 24, Part 6. Restructuring 

the standards for multifamily building may also result in revisions to Reference 

Appendices, ACM Reference Manuals, compliance manuals, and compliance 

documents. Location and section numbering of the 2022 Standards and supporting 
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documents for multifamily buildings depend on the Energy Commissionôs approach to 

and acceptance of a unified multifamily section(s). For clarity, the changes proposed in 

this Final CASE Report are demonstrated in terms of the 2019 structure and language. 

2.1.3.1  Summary of Changes to the Standards  

This proposal would modify the following sections of Title 24, Part 6 as shown below. 

See Section 7.2 of this report for marked-up code language. 

SECTION 120.1 ï REQUIREMENTS FOR VENTILATION AND INDOOR AIR 
QUALITY and SECTION 150.0 ï MANDATORY FEATURES AND DEVICES 

Sections 120.1(b)2Aivb and 150.0(o)1E: For systems that serve multifamily dwelling 

units following the balanced ventilation path for compliance, the proposed code change 

would add the following mandatory fan efficacy requirements: Unitary heat or energy 

recovery ventilation (one ERV or HRV serving each dwelling unit) must have fan 

efficacy of Ò 1.0 W/cfm. 

SECTION 140.0 ï PERFORMANCE AND PRESCRIPTIVE COMPLIANCE 
APPROACHES 

SECTION 140.X ï PRESCRIPTIVE REQUIREMENTS FOR VENTILATION SYSTEMS: 

The proposed code chance would add a new section of prescriptive requirements 

specifically for ventilation system. Dwelling units that follow the balanced ventilation 

path in 120.1(b)2Aivb in Climate Zones 1, 2, or 11-16 must include a heat or energy 

recovery ventilator (HRV or ERV) that meets one of the following:  

¶ Unitary heat or energy recovery ventilation (one ERV or HRV serving each 

dwelling unit) with minimum sensible heat recovery efficiency of 67 percent at 32 

ÁF (0 ÁC), as listed by the Home Ventilating Institute ï HVI), and fan efficacy less 

than or equal to 0.6 W/cfm.  

¶ A central HRV or ERV system that provides ventilation to more than one dwelling 

unit with have a minimum sensible heat recovery efficiency or effectiveness of 67 

percent at 32 ÁF (0 ÁC), fan efficacy that meets the requirements of Section 

140.4, and include a bypass function that enables it to function in an economizer 

mode to take advantage of free cooling. An ATT shall conduct functional testing 

of controls as listed under Section NA 7.5.4 Air Economizer Controls. 

Section 141.0(a) Additions: The proposed code change would add ventilation systems 

to the list of newly installed equipment that must meet requirements.  

Section 141.0(b) Alterations: Alterations would not trigger this requirement in high-rise 

dwelling units.  
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Section 150.1(c)X Prescriptive Standards/Component Package: The proposed code 

change would add a new subsection of prescriptive standards for ventilation systems 

similar to what is added to 140.X. 

Dwelling units that follow the balanced ventilation path in 150.0(o)1E in Climate Zones 

1, 2, or 11-16 must include a heat or energy recovery ventilator (HRV or ERV) that 

meets one of the following:  

¶ Unitary heat or energy recovery ventilation (one ERV or HRV serving each 

dwelling unit) with minimum sensible heat recovery efficiency of 67 percent at 

32ÁF (0ÁC), as listed by the Home Ventilating Institute ï HVI), and fan efficacy 

less than or equal to 0.6 W/cfm.  

¶ A central HRV or ERV system that provides ventilation to more than one dwelling 

unit with have a minimum sensible heat recovery efficiency or effectiveness of 67 

percent at 32ÁF (0ÁC), fan efficacy meeting Section 140.4 requirements, and a 

bypass function that enables it to function in an economizer mode to take 

advantage of free cooling.  

Table 150.1-B COMPONENT PACKAGE ï Multifamily Standard Building Design would 

need to be updated to include ERV/HRV requirements. 

2.1.3.2 Summary of Changes to the Reference Appendices 

This proposal would modify the sections of the Reference Appendices identified below. 

See Section 7.3 of this report for the detailed proposed revisions to the text of the 

reference appendices. 

The Reference Appendices are currently structured to distinguish between low-rise and 

high-rise requirements. For this measure, the Statewide CASE Team proposes that the 

distinction be made based on whether the ERVs/HRVs are unitary (each serves an 

individual dwelling unit) or central (each serves multiple dwelling units). 

NONRESIDENTIAL APPENDIX 

NA2 ï Nonresidential Field Verification and Diagnostic Test Procedures: The 

proposed change would add a Subsection: NA2.4: Rated Heat Recovery and Energy 

Recovery Ventilation Verification Procedures. This new subsection would specify the 

procedure for verifying required information for HRV and ERV equipment if these are 

installed to meet the requirements of Section 120.1(b)2Aivb. 

1. If unitary ERVs/HRVs (each ERV/HRV serves one dwelling unit) are listed on the 

compliance forms, a HERS Rater would verify in the field that an ERV or HRV is 

installed, that airflows for the dwelling unitôs balanced ventilation systems would 

be met, and that the prescriptive requirements are met by looking up the nominal 

SRE and fan efficacy for the installed model in product databases (HVI, Air 
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Conditioning, Heating, Refrigeration Institute [AHRI]) or from product 

specifications from the manufacturer. 

2. If central ERVs/HRVs (each ERV/HRV serves multiple dwelling units) are listed 

on the compliance forms, an ATT would verify in the field that an ERV or HRV is 

installed, that airflows for the dwelling unitôs balanced ventilation systems would 

be met, and that the prescriptive requirements are met by looking up the nominal 

SRE and fan efficacy for the installed model in product databases (HVI, AHRI) or 

from product specifications from the manufacturer. The ATT would also field 

verify that the bypass function exists and conduct functional testing as listed 

under Section NA 7.5.4 Air Economizer Controls. 

Section 141.0(b) Alterations. Alterations would not need to follow this requirement.  

RESIDENTIAL APPENDIX 

RA3.4.4 HVAC System Verification Procedures (low-rise multifamily dwelling 

units): The proposed change would add a Subsubsection: RA3.7.4.4: Rated Heat 

Recovery and Energy Recovery Ventilation Verification Procedures. This new 

subsection would specify the procedure for verifying required information for HRV and 

ERV equipment if these are installed to meet the requirements of 150.0(o)1E. 

For unitary ERVs/HRVs, a HERS Rater will: 

1. Verify if an ERV/HRV is needed, depending on the projectôs compliance pathð

balanced ventilation or compartmentalizationðand the projectôs climate zone. 

2. If it is required, verify in the field that an ERV or HRV is installed, that airflows for 

the dwelling unitôs balanced ventilation systems will be met, and that the 

prescriptive requirements are met by looking up the nominal SRE and fan 

efficacy for the installed model in product databases (HVI, AHRI) or from product 

specifications from the manufacturer. 

For central ERVs/HRVs, an ATT will conduct steps 1 and 2 above for unitary 

ERVs/HRV. In addition, an ATT will  

3. Verify that the bypass function exists from the cut-sheet, and conduct functional 

testing as listed under NA 7.5.4 Air Economizer Controls.  

2.1.3.3 Summary of Changes to the Residential and Nonresidential ACM 
Reference Manuals 

This proposal would modify the following sections of the Residential and Nonresidential 

ACM Reference Manual as shown below. See Section 7.4 of this report for the detailed 

proposed revisions to the text of the ACM Reference Manual. 
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This proposal would modify the following sections of the Residential/Nonresidential 

ACM Reference Manual as shown below. See Section 7.4 of this report for the detailed 

proposed revisions to the text of the ACM Reference Manual. 

RESIDENTIAL ACM REFERENCE MANUAL  

Section 2.4.9 Indoor Air Quality Ventilation: Add a reference for the Standard Design 

that multifamily dwelling units will be evaluated as a balanced ventilation system with a 

sensible heat recovery of 67 percent and minimum fan efficacy of 0.6 W/cfm in Climate 

Zones 1, 2, and 11 through 16. 

NONRESIDENTIAL ACM REFERENCE MANUAL  

Section 5.6.6.4 Outdoor Air Ventilation: Add a new box called Heat Recovery that 

specifies a sensible heat recovery of 67 percent to the Standard Design in Climate 

Zones 1, 2, and 11 through 16.  

ACM Reference Manual 2.4.9: Indoor Air Quality Ventilation. Changes will be made 

to this section to reference new requirements for the standard design. 

For multifamily dwelling units: 

¶ Currently, if the proposed design uses exhaust-only, the model assumes 

exhaust-only for ventilation. There will be no change if the project uses 

compartmentalization.  

¶ Currently, if the proposed design uses balanced ventilation, the model assumes 

balanced fans without heat recovery. This will be changed for California Climate 

Zones 1, 2, and 11-16 so that it includes heat recovery and the operating set 

points for SRE and fan efficacy of the prescriptive requirements.  

¶ For a unitary system, for the performance path, the standard design is modeled 

with the same fan efficacy if the proposed design fan efficacy does not exceed 

0.6 W/cfm. If the project installs a unitary ERV/HRV with a worse fan efficacy 

(e.g., 0.8 W/cfm), the proposed design uses 0.8 W/cm while the standard design 

assumes 0.6 W/cfm, so the model will show a penalty for fan energy (at least part 

of which will be offset by the heating and energy recovery). The Statewide CASE 

Team also proposes a backstop of 1.0 W/cfm; i.e., projects using the 

performance approach could install a unitary ERV/HRV with a fan efficacy better 

(less than) 0.6 W/cfm and receive energy savings, an ERV/HRV with a fan 

efficacy of 0.6 W/cfm for no energy savings, or an ERV/HRV with a fan efficacy 

between 0.6 and 1.0 W/cfm and receive an energy penalty. For central 

ERV/HRVs, the same approach would be used for the performance path except 

the assumed efficacy is the requirements in Section 140.4. 
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¶ Currently, the California Building Energy Code Compliance for commercial 

buildings (CBECC-Com) software, which is used for modeling multifamily 

buildings with more than three occupiable floors,5 has a bypass check-box 

(options of yes/no). The Statewide CASE Team proposes to change the CBECC-

Com software so that, for buildings using a central ventilation system in the 

climate zones affected by the measure, the software assumes a heat recovery 

system with bypass. The California Building Energy Code Compliance for 

residential buildings software (CBECC-Res), which is used for modeling 

multifamily buildings with three occupiable floors or less, does not have a bypass 

function or allow central systems. The Statewide CASE Team will propose to add 

a feature so that CBECC-Res has a bypass function.  

2.1.3.4 Summary of Changes to the Residential and Nonresidential Compliance 
Manuals 

The proposed code change would modify the following section of the Residential and 

Nonresidential Compliance Manuals: 

RESIDENTIAL COMPLIANCE MANUAL  

Section 4.6 ï Indoor Air Quality and Mechanical Ventilation: The manual will include 

language that summarizes the requirement. The manual will provide an overview of 

strategies to meet the requirement, including unitary HRVs or ERVs; or central ERVs 

such as rooftop HRVs or ERVs serving a vertical column of units, or HRVs or ERVs 

serving a cluster of units (such as one on every floor). The sizing and installation of 

bypass ducting will be illustrated and discussed. 

The manual would also include language recommending that, for all multifamily projects 

that install HRVs or ERVs (including in climate zones not regulated by this requirement), 

the HRVs or ERVs include a bypass function, or that the dwelling units have mechanical 

cooling, to prevent overheating. The purpose of this language is to promote energy-

efficient thermal comfort for occupants. 

ERV/HRVs can use multiple strategies for distributing outside air and (if interfacing with 

an air handling unit) integrating the supply duct into an AHU. However, the outside air 

distribution issues for ERV/HRVs will be similar to issues faced under the current 

requirements for other types of balanced ventilation systems. 2019 Title 24, Part 6 

prohibits the ñcontinuous operation of central forced air system air handlers used in 

central fan integrated ventilation systemsò. There are no requirements in ASHRAE 

Standard 62.2 for distributing outside air within the dwelling unitði.e., providing all 

outdoor air through one supply register is compliant, although it is best practice to 

 

5 Parking garages are not considered occupiable. 
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distribute it throughout the dwelling unit, particularly when the outside air is outside of 

thermostat set points. The manual should describe at least two options for how outside 

air can be distributed within the dwelling unit:  

1. One example in which the ERV/HRV has its own duct work, and supply air is 

distributed to each bedroom and the living area, and 

2. One example in which the ERV/HRV interfaces with the heating, ventilation, and 

air conditioning (HVAC) system, by ducting the supply air into the return plenum 

of the forced air system.  

Section 4.6.1 ï Compliance and Enforcement: The manual will stipulate that the 

HERS Rater must document the SRE or effectiveness and verify it is Ó67 and that fan 

efficacy is a value of 0.6 W/cfm or lower. 

Section 4.6.3.3 ï Multifamily Dwelling Unit Compartmentalization: The manual will 

describe the new requirement for an ERV or HRV in certain climate zones for projects 

following the balanced ventilation path. 

NONRESIDENTIAL COMPLIANCE MANUAL 

Sections 4.3.2 ï High-Rise Residential Dwelling Unit Mechanical Ventilation: The 

manual will include language that summarizes the requirement. The manual will provide 

an overview of strategies to meet the requirement, including unitary HRVs or ERVs, and 

central HRVs or ERVs serving multiple dwelling units. 

The manual would also include language recommending that, for all multifamily projects 

that install HRVs or ERVs (including in climate zones not regulated by this requirement), 

the HRVs or ERVs include a bypass function, or that the dwelling units have mechanical 

cooling, to prevent overheating. The purpose of this language is to promote thermal 

comfort for occupants. The manual will frame this guidance, so it is clear what is 

required, versus what is recommended. The current compliance manual uses this 

approach for other measures, such as Section 4.5.2.4 for Supply-Air Temperature 

Reset Control, which specifies certain set points for this measure and provides 

recommendations for how this can be achieved.  

Section 4.3.2.5.3 ï Multifamily Dwelling Unit Compartmentalization (which 

describes the balanced ventilation alternative to compartmentalization): The manual will 

describe that an ERV or HRV is required in certain climate zones for projects following 

the balanced ventilation path.  

2.1.3.5 Summary of Changes to Compliance Documents  

The proposed code change would modify the compliance documents listed below. 

Examples of the revised documents are presented in Section 7.6.  
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The proposed measure would necessitate several changes to compliance forms, 

including for low-rise multifamily: 

¶ Certificate of Compliance (CF1R): Ventilation Cooling section will need to be 

revised to include references to ERV/HRV with bypass.  

¶ Certificate of Installation (CF2R): Several sections would need to reflect the 

proposed ERV/ HRV requirements, including A. Central Fan Ventilation Cooling, 

B. Local Mechanical Exhaust System, C. Air Moving Equipment, G., Other 

Requirements, and H. Air Moving Equipment.  

¶ Certificate of Verification (CF3R): Several sections would need to reflect the 

proposed ERV/HRV requirements, including A. Central Fan Ventilation Cooling 

System, and B. Local. Mechanical Exhaust system.  

Similarly, for high-rise multifamily: 

¶ Nonresidential Certificate of Compliance (NRCC): Any new NRCI, NRCA, or 

NRCV forms will need to be referenced, and information on ERV/HRV systems, 

as well as any central shafts requiring sealing will need to be included. 

¶ Nonresidential Certificate of Acceptance (NRCA): Section A. Construction 

Inspection would need to include the proposed requirements. 

¶ Nonresidential Certificate of Verification (NRCV): Several sections would need to 

reflect the proposed ERV/HRV requirements, including B. Local Mechanical 

Exhaust System and D. Air Moving Equipment. 

2.1.4 Regulatory Context 

2.1.4.1 Existing Requirements in the California Energy Code  

There are no relevant existing requirements in the California Energy Code for ERV or 

HRV. Projects may use them under the performance approach, but they are not 

currently mandatory or prescriptive. 

One related requirement is 2019 Title 24, Part 6 Section 120.1(b)2iv (for high-rise 

multifamily dwelling units) and Section 150.0(o)1E (for low-rise multifamily dwelling 

units), which requires that multifamily dwelling units have either balanced ventilation or 

meet a compartmentalization requirement. 

Another related requirement is 2019 Title 24, Part 6, Section 120.1(b)1C (for high-rise 

dwelling units) and Section 150.0(m)12C (for low-rise dwelling units) which requires 

Minimum Efficiency Reporting Value (MERV) 13 filtration for heating, cooling, and 

ventilation air.  

2019 Title 24, Part 6 Section 140.4(e) Economizers includes Table 140.4(e) for High 

Limit Shut Off Control Requirements. The Statewide CASE Team refers to this table of 
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requirements for economizer shut-offs for the bypass or free-cooling function proposed 

for the central ERV or HRV path and presents it here as Figure 3. 

 

Figure 3: Current requirements for economizer high limit shut-off control 
requirements in table 140.4(e). 

2.1.4.2 Relationship to Requirements in Other Parts of the California Building 
Code  

While there are no directly related requirements in other parts of the California Building 

Code, Title 24, Part 4 (the California Mechanical Code, or CMC), Section 311.3 requires 

that outside air not be taken from less than 10 feet in distance from an appliance vent 

outlet, or the discharge outlet of an exhaust fan, unless the outlet is three feet above the 

outside-air inlet. This is to reduce the risk of contaminating the incoming air with 

outgoing exhaust. This minimum separation distance can be challenging to achieve, 

particularly for multifamily projects with small dwelling units. However, the proposed 

requirement for an ERV/HRV should not be more difficult than the existing requirement 

for balanced ventilation in terms of this CMC requirement. ASHRAE Standard 62.2 also 
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requires a minimum 10 foot (3 meter) separation distance, but allows several 

exceptions: 

1. Ventilation openings in the wall may be as close as a stretched-string distance of 

3 ft (1 m) from sources of contamination exiting through the roof or dryer 

exhausts. 

2. No minimum separation distance shall be required between windows and local 

exhaust outlets in kitchens and bathrooms. 

3. Vent terminations covered by and meeting the requirements of the National Fuel 

Gas Code (NFPA 54/ANSI Z223.1) or equivalent. 

4. Where a combined exhaust/intake termination is used to separate intake air from 

exhaust air originating in a living space other than kitchens, no minimum 

separation distance between these two openings is required. For these 

combined terminations, the exhaust air concentration within the intake airflow 

shall not exceed 10 percent, as established by the manufacturer. 

The Statewide CASE Team recommends that the Energy Commission coordinate 

across agencies to include these exceptions in the CMC requirements for separation. In 

particular, the fourth exception may be advantageous for ñthrough-wallò ERVs/HRVs 

installed at the wall that do not require ducting. 

Title 24, Part 11 (CALGreen) requires that bathroom exhaust fans be ENERGY STARÈ 

compliant, ducted to terminate outside the building, and (unless functioning as a 

component of a whole house ventilation system) include a humidity controller. Based on 

interviews with six subject matter experts (a mix of HERS Raters and multifamily 

mechanical engineers), dwelling units with ERVs and HRVs typically have an intake in 

the bathroom that is ducted to the ERV or HRV, rather than a stand-alone bath fan. 

Thus, the market appears to be interpreting this requirement as not applying when a 

bathroom is connected to an ERV or HRV. The Statewide CASE Team also discussed 

the CALGreen requirement with Housing and Community Development (HCD) staff. 

They reported they were aware of the potential conflict between the CALGreen 

requirement for an ENERGY STAR bath fan and typical installation of an HRV or ERV, 

and reported that they will likely revise the language in the CALGreen requirement to 

allow for an exception to the ENERGY STAR fan requirement if an ERV or HRV is used. 

The proposed exemption from the HCD is below. Changes to the CALGreen 

requirement are marked with red underlining (new language) and strikethroughs 

(deletions). 

Section 4.506 Indoor Air Quality and Exhaust 

4.506.1 Bathroom exhaust fans. Each bathroom shall be mechanically ventilated and 

shall comply with the following:  
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1. Fans shall be ENERGY STAR compliant and be ducted to terminate 

outside the building.  

Exception to 1: Fans functioning as a component of an energy or heat recovery 

ventilation system do not need to comply with Section 4.506.1(1).  

2. Unless functioning as a component of a whole house ventilation system, 

fans must be controlled by a humidity control.  

a. Humidity controls shall be capable of adjustment between a relative 

humidity range of Ò 50 percent to a maximum of 80 percent. A humidity 

control may utilize manual or automatic means of adjustment.  

b. A humidity control may be a separate component to the exhaust fan and is 

not required to be integral (i.e., built-in).  

Exception to 2: Fans functioning as a component of a whole house ventilation 

system do not need to comply with Section 4.506.1(2).  

Notes:  

1. For the purposes of this section, a bathroom is a room which contains a 

bathtub, shower, or tub/shower combination.  

2. Lighting integral to bathroom exhaust fans shall comply with Title 24, Part 

6.  

The Statewide CASE Team also examined whether the Nonresidential HVAC CASE 

proposal for the Fan Energy Index (FEI) or fan power budget would affect this measure. 

The proposal affects equipment 5 horsepower (hp) or higher; unitary ERVs/HRVs 

typically have a lower horsepower so would not be impacted. Larger central ERVs or 

HRVs would be impacted. The proposed language in this report would meet the current 

requirements for fan efficacy in 2019, Title 24, Part 6 Section 140.4. If the FEI and fan 

power budget proposal is adopted, those new requirements would apply instead. 

2.1.4.3 Relationship to Local, State, or Federal Laws 

There are no known relevant local, state, or federal laws for any of the multifamily IAQ 

submeasures. 

2.1.4.4 Relationship to Industry Standards  

ASHRAE Standard 90.1-2019, which applies to multifamily buildings four stories and 

higher, has two requirements for heating and cooling energy recovery for ventilating 

systems in Section 6.5.6.1. 

The first requirement is triggered by climate zone and fraction of outside air; this 

requirement was also in the previous version of the standard ï ASHRAE Standard 90.1-

2016. Most unitary ventilation systems (i.e., those serving individual multifamily dwelling 
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units) are exempt from this requirement, because the requirements for ASHRAE 

Climate Zone 3 (which covers most of Californiaðas shown in the map in Figure 5) start 

at a minimum airflow rate of 80 cfm, which is higher than typical multifamily dwelling unit 

ventilation rates (typically 30 to 70 cfm, with the airflow rate depending on unit size and 

number of bedrooms). For central supply airði.e., for supply ventilation systems serving 

multiple dwelling unitsð heat and energy recovery is required depending on the airflow 

rate as shown in Figure 4: Energy recovery requirements for central systems in 

ASHRAE 90.1-2019 for California.  

ASHRAE 

Climate 
Zone 

% Outdoor Air at Full Design Airflow Rate 

Ó10% 
and 
<20% 

Ó20% 
and 
<30% 

Ó30% and 
<40% 

Ó40% and 
<50% 

Ó50% 
and 
<60% 

Ó60% 
and 
<70% 

Ó70% 
and 
<80% 

80% 

Design Supply Fan Airflow Rate, cfm 

3C NR NR NR NR NR NR NR NR 

0B, 1B, 2B, 3B, 
4C, 5C6 

NR Ó19,500 Ó9000 Ó5000 Ó4000 Ó3000 Ó1500 Ó120 

0A, 1A, 2A, 3A, 
4B, 5B7 

Ó2500 Ó2000 Ó1000 Ó500 Ó140 Ó120 Ó100 Ó80 

4A, 5A, 6A, 7, 88 Ó200 Ó130 Ó100 Ó80 Ó70 Ó60 Ó50 Ó40 

a. NR ï Not required 

Figure 4: Energy recovery requirements for central systems in ASHRAE 90.1-2019 
for California.  

Source: (ASHRAE 2019b). 

The second requirement for heat or energy recovery of ventilation systems is a new 

requirement (i.e., adopted for the 2019 version of ASHRAE 90.1), and is specific to 

multifamily dwelling units. The requirement calls for heating and cooling energy 

recovery with an enthalpy recovery Ó50 percent at cooling & 60 percent at heating in 

dwelling units. The requirement has an exemption for dwelling units smaller than 500 

square feet, with an exception to the proposed requirement for ASHRAE Climate Zone 

3C. While there is not a direct mapping between the ASHRAE climate zones and 

California climate zones, ASHRAE Climate Zone 3C roughly corresponds to the 

southern parts of California Climate Zones 1 and 2, and parts or all of California Climate 

Zones 3, 4, 5, 6, and 9, as shown in Figure 5.  

 

6 Roughly corresponds to parts or all of California Climate Zones 1, 11, 12, 13, 14, 15, 16. 

7 Roughly corresponds to parts or all of California Climate Zones 12, 14, 16. 

8 Does not correspond to any California climate zones. 
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Figure 5: Map of ASHRAE Climate Zone 3C compared with California climate 
zones with proposed requirement. 

Source: Created by Statewide CASE Team using California Energy Commission 2017 and International 

Code Council data, 2012.  

2.1.5 Compliance and Enforcement 

When developing this proposal, the Statewide CASE Team considered methods to 

streamline the compliance and enforcement process and how negative impacts on 

market actors who are involved in the process could be mitigated or reduced. This 

section describes how to comply with the proposed code change. It also describes the 

compliance verification process. Appendix E presents how the proposed changes could 

impact various market actors. 

The activities that need to occur during each phase of the project are described below. 

In general, compared to the current compliance process which must verify installation of 

a balanced ventilation system for projects pursuing that path (as opposed to 

compartmentalization), the proposed requirement would require verification of the 
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specific ERV/HRV equipment installed and that it meets requirements for recovery 

effectiveness and (if a central system) requirements for a bypass function.  

¶ Design Phase: The building design team identifies if the project is in a climate 

zone where the requirement applies. If applicable, the building design team 

specifies the make and model of the ERV or HRV and ensures it meets minimum 

recovery efficiency via compliance documentation. The plans or specifications 

listing the manufacturer and model number are provided to the compliance 

consultant for inclusion in the NRCC or CF1R. 

¶ Permit Application Phase: The project team submits design documents 

showing the make and model of ERV or HRV equipment supported by 

compliance documentation. Design of the ducts is submitted for approval. The 

plans examiner reviews the drawings and specifications to ensure the ERV or 

HRV meets the proposed requirements.  

¶ Construction Phase: The project team installs the HRV or ERV equipment and 

ducts. The general contractorôs procurement staff must ensure that the product 

ordered matches the model number in the plans and specifications or equivalent 

substitutions documented in change orders. The contractor provides a Certificate 

of Installation (CF2R for low-rise or NRCI for high-rise) confirming the specified 

ERV/HRV designed has been installed on the project. The HVAC subcontractor 

must ensure that the duct system is properly installed. 

¶ Inspection Phase: The building inspector visually confirms that the HRV or ERV 

is installed and that the ducts are properly installed. To best align with current 

procedures, unitized equipment will be verified by HERS Raters and central 

equipment will be verified by ATTs, as described here:  

o For projects using unitary ERVs/HRVs (i.e., one per dwelling unit), a 

HERS Rater captures the make and model of equipment, verifies that the 

equipmentôs recovery efficiency or effectiveness and its fan efficacy meets 

the proposed requirement using the productôs cut sheet or information 

available online. Verification procedures would be documented via 

applicable Certificate of Verification/ NRCV/ CF3R. 

o For projects using central ERVs/HRVs (i.e., one serves multiple dwelling 

units), an ATT captures the make and model of equipment, verifies that 

the equipmentôs recovery efficiency or effectiveness and its fan efficacy 

meets the proposed requirement using the productôs cut sheet or 

information available online, and verifies the ERV or HRV has a bypass or 

free cooling function if it is a central system. The ATT would also conduct 

function testing of the bypass function. Verification procedures would be 

documented via applicable Certificate of Acceptance/NRCA.  
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Note that the differentiation of verification procedures by equipment type (unitized vs. 

central) rather than by number of stories (low-rise vs. high-rise) aligns with the 

movement toward multifamily unification that is proposed for 2022-Title 24, part 6. In 

some cases, HERS raters would verify equipment in high-rise multifamily buildings, if 

the projects use unitized ERVs/HRVs. Conversely, ATTs would verify equipment in low-

rise multifamily buildings, if the projects use central ERVs/HRVs. Alternatively, HERS 

Raters and ATTs could be allowed to verify this requirement in all types of multifamily 

buildings, if proper training is required.   

2.2 Submeasure B: Kitchen Exhaust Minimum Capture 

2.2.1 Measure Overview 

The purpose of this submeasure is to improve IAQ. As Title 24 evolves to require more 

envelope tightening, the need for adequate ventilation increases. For example, 2019 

Title 24, Part 6 added the Quality Insulation Installation (QII) procedures to the 

prescriptive path for low-rise multifamily buildings, and proposed requirements for 2022 

Title 24, Part 6 include a version of QII for the prescriptive path for high-rise multifamily 

buildings. Increased sealing measures in QII reduces infiltration, which provides energy 

savings, but also heightens the need for adequate ventilation. 

Cooking-related pollution carries various health risks, and there is a growing body of 

research that highlights the health impacts from cooking-related pollution. Cooking over 

any type of cooktop (natural gas or electric) releases ultrafine and fine particles such as 

particulate matter 2.5 micrometers or smaller (PM2.5), as well as other irritants and 

potentially harmful gases including formaldehyde, acetaldehyde, acrolein, and polycyclic 

aromatic hydrocarbons (Singer and Chan 2018). The use of natural gas burners and 

ovens also releases nitrogen dioxide (NO2) and carbon monoxide (CO).  

Figure 6 shows adjustments in disability-adjusted life years (DALY ï which measures 

one year of healthy life lost due to exposure from various pollutants, several of which 

are associated with cooking [shown in red boxes]). As shown in this figure, PM2.5 is 

typically the most harmful pollutant in residences (Logue, et al. 2011). PM2.5 can travel 

into the lungs and bloodstream, causing respiratory and cardiovascular impacts, and 

NO2 is associated with respiratory problems such as chest tightness, shortness of 

breath, and wheezing (EPA n.d.).  
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Figure 6: Estimated population averaged annual cost, in disability adjusted life 
years (DALYs), of pollutants with highest median DALY estimates shows PM2.5 
with highest median DALY estimate.  

Source: Logue, et al. 2011.  

NO2 also causes other deleterious health effects. For example, a study found that 

asthmatic children are at higher risk for more severe asthma symptoms at low levels of 

NO2 and that the risk rises as levels of NO2 rise (Belanger 2013). Another study found 

that homes with gas stoves have 50 percent to 400 percent higher concentrations of 

NO2 than homes with electric stoves (EPA 2008). CO is released by natural-gas stoves 

and also produces deleterious health effects. However, past research found that NO2 

and PM2.5 safe levels were often exceeded from cooking and cooking equipment, while 

CO typically was not (Singer, Pass and Delp 2017), (Logue, et al. 2014). Consequently, 

this analysis followed the example of Lawrence Berkeley National Laboratory (LBNL) 

simulations (Chan, et al. 2020) and developed requirements to maintain PM2.5 and 

NO2 levels at acceptable concentrations, because these should also be protective for 

CO. 

It is particularly important that kitchen exhaust systems in multifamily dwelling units 

effectively remove kitchen exhaust, since these residences can have their air degraded 

by both their own kitchen pollution and from pollution transferred from adjacent units. 

The Statewide CASE Team investigated the effectiveness of kitchen range hoods in 

removing pollutants. Range hoods are devices that include a fan above or next to the 
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stove or cooktop and serve to remove pollution from cooking. They may be also 

combined with microwave ovens. Simulation results done by LBNL (Chan, et al. 2020) 

have shown that for almost all California new homes, a range hood capture efficiency of 

at least 70 percent is required to avoid exceeding unhealthy levels of NO2 (1-h average 

concentration of 100 parts per billion from the U.S. Environmental Protection Agency 

[EPA]), and 60 percent is required to avoid unhealthy levels of PM2.5 (24-h average of 

25 microgram per cubic meter from World Health Organization 2006).9 Furthermore, 

LBNL recently conducted additional analysis that considered more granular size ranges 

of dwelling units. Based on personal communications with the LBNL authors, as shown 

in Table 7, at least 65 percent capture efficiency is needed to maintain PM2.5 and 75 

percent capture efficiency is needed to maintain NO2 withing acceptable levels in 

dwelling units less than 750 ft2.  

Table 7. Minimum capture efficiency needed to maintain PM2.5 and NO2 within 
acceptable levels by dwelling unit floor area  

Floor area of 
dwelling unit 

Hood over electric 
range for PM2.5 control 

Hood over natural gas 
range for NO2 control 

Ò 750 ft2 65% CE or 250 cfm 75% CE or 290 cfm 

750 ï 1,000 ft2 55% CE or 200 cfm 65% CE or 250 cfm 

1,000 - 1,500 ft2 50% CE or 175 cfm 55% CE or 200 cfm 

>1,500 ft2 50% CE or 175 cfm 50% CE or 175 cfm 

Source: Personal communication with Brett Singer and Rengie Chan, September 29, 2020 

Range hoods are also typically demand controlled (user-operated). The capture 

efficiency evaluated under the ASTM test method corresponds to a lower field condition 

capture efficiency in the field (Singer, Delp and Apte 2012), because the airflow of the 

range hood is often lower in the field than under laboratory test conditions due to 

exhaust duct restrictions that increase static pressure, and because the person cooking 

disturbs the plume, which reduces capture efficiency. However, the proposed 

requirement for this code cycle balance IAQ needs with availability and pricing of 

compliant products.  

The proposed code change would be a mandatory measure that requires a kitchen 

exhaust system with either a minimum capture efficiency or minimum airflow. The 

kitchen exhaust system must meet one of the following paths: 

 

9 These results were generated using models to enable variations in cooking-event time, cooking 

technique (e.g., boiling versus frying), size of the kitchen, and other parameters that can affect results.  
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1. A vented range hood with a minimum capture shown in Table 8, per ASTM 

Standard E3087-18 at nominal installed airflow, per HVI Publication 920, or 

2. A vented range hood with a minimum airflow shown in Table 8, at a static 

pressure of 0.1 inches w.c. or greater, 

Table 8. Minimum Range Hood Capture Efficiency or Airflow Based on Dwelling 
Unit Size and Fuel Type 

Floor area of dwelling 
unit 

Hood over electric range Hood over natural gas 
range 

<750 ft2 65% CE or 250 cfm 75% CE or 290 cfm 

750 ï 999 ft2 55% CE or 200 cfm 65% CE or 250 cfm 

1,000 ï 1,500 ft2 55% CE or 200 cfm 55% CE or 200 cfm 

>1,500 ft2 50% CE or 175 cfm 

or 

3. A vented downdraft exhaust with a minimum airflow of 300 cfm at a static 

pressure of 0.1 inches w.c. or greater, or 

4. For enclosed kitchens only, continuous kitchen exhaust at a minimum of five 

kitchen air changes per hour at 50 Pa. An enclosed kitchen is defined as a 

kitchen whose permanent openings to interior adjacent spaces do not exceed a 

total 60 ft2 [6 square meters]). 

The first path is new. The second path increases the minimum airflow requirement. The 

third and fourth paths exist in the current requirements and have been retained. 

For the first path, the nominal installed airflow is defined in HVI Publication 920 as a 

ñnormalized airflow rate calculated by applying the normalized airflow curve ratio to the 

airflow determined by the intersection of a kitchen range hoodôs test report airflow curve 

and the nominal duct system curveò (Home Ventilating Institute 2020, 8). HVI 

Publication 920 also defines a normalized system curve, which should be used when 

identifying the nominal installed airflow for consistency. 

For the second path, the Statewide CASE Team considered multiple options for 

minimum airflow. While the correlation of airflow and capture efficiency is not well 

established, the Statewide CASE Team used laboratory testing of kitchen range hoods 

to estimate a relationship between capture efficiency and airflow, as shown in Section 

3.2.2.2. The Statewide CASE Team also found that the majority of range hood products 

in the HVI database comply with the proposed requirement. Table 9 below shows the 

percentage of microwave, undercabinet and chimney range hoods in the HVI database 

that would comply with the proposed requirements. Note that the first path is more 

stringent than the second, since the static pressure at the nominal installed airflow 

(typically 0.2 to 0.25 inches w.c.) is almost always higher than 0.1 inches w.c., and 
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airflow increases as static pressure decreases. Because capture efficiency generally 

increases as airflow increases, capture efficiency should also increase as static 

pressure decreases, as supported by Figure 18 in Section 3.2.2. 

Table 9. Percentage of HVI Products Compliant with Proposed Requirements 

Minimum 
Airflow 
(cfm) 

Vertical Discharge Horizontal Discharge 

Microwave 
(n=107) 

Undercabinet 
(n=45) 

Chimney 
(n=61) 

Microwave 
(n=104) 

Undercabinet 
(n=32) 

Chimney 
(n=4) 

175 93% 98% 100% 86% 91% 100% 

200 93% 98% 100% 82% 91% 100% 

250 77% 84% 95% 16% 69% 100% 

290 19% 67% 92% 8% 56% 100% 

The third and fourth paths generally remain unchanged from current requirements. The 

Statewide CASE Team did not find new data on downdraft exhausts or continuous 

kitchen ventilation effectiveness. Consequently, the Statewide CASE Team did not alter 

these paths, except to specify that the airflow for the downdraft exhaust systems should 

be measured at 0.1 inches w.c., consistent with the second path. 

Range hoods must continue to meet the current requirement for sound: no greater than 

three sones tested at 100 cfm or higher for demand-controlled products. Note that this 

study does not propose an associated sound requirement at the capture efficiency or 

higher airflows described above. This is because adding a sound rating at the proposed 

capture efficiency and proposed higher airflow would require manufacturers to retest 

their products for sound at the higher airflow, and because the Statewide CASE Team 

did not find data indicating acceptable sound levels for range hood products.  

For enforcement, field verification will confirm that the range hood is vented to outdoors; 

recirculation type hoods shall not be allowed. The model of the kitchen range hood shall 

be verified and recorded on the compliance documentation for the project, and the 

HERS Rater or ATT shall verify that the HVI rating for this model meets the minimum 

capture efficiency or airflow and sound limit specified. 

This proposal would be a mandatory requirement and affect all multifamily dwelling units 

that are new construction or additions.  

This measure does not impact alterations, unless an existing vented range hood is 

replaced in low-rise units.  In that case, under existing language in Section 150.2, the 

new equipment would need to meet the proposed requirement.  

Because the scope of this Final CASE Report is multifamily indoor air quality, this Final 

CASE Report does not explicitly include recommendations for single family dwelling 

units. However, the Statewide CASE Team recommends that the Energy Commission 

provide the same range hood requirements for single family dwelling units as what is 
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proposed here to ensure adequate kitchen ventilation. Furthermore, the proposed 

requirements would not significantly restrict what types of range hoods could be 

installed in most single family units: This analysis found that the vast majority of range 

hoods (including all chimney hoods) included a speed of at least 200 cfm, which is the 

minimum demand-control airflow proposed in dwelling units 750 to 1,000 ft2 with electric 

ranges and in dwelling units 1,000 to 1,500 ft2 with natural gas ranges. (Larger dwelling 

units must meet a minimum airflow of 175 cfm, which nearly all products meets.) 

Imposing the same requirements for single family dwelling units would have the greatest 

impacts on small dwelling units (smaller than 1,000 ft2). Because these small single 

family units would have less dilution air to reduce pollutant levels (similar to multifamily 

units), they should also meet the same range hood requirements. Furthermore, this 

analysis found that the proposed requirements can be feasibly met, including with 

microwave-range hood and undercabinet products that may be common in small single 

family dwelling units.  

2.2.2 Measure History 

This proposal addresses IAQ problems resulting from inadequate exhaust of pollutants 

from cooking, which include PM2.5 and other hazardous pollutants, as well as pollutants 

from natural-gas fired cooking appliances, including NO2. As multifamily building 

envelopes tighten under Quality Insulation Installation (QII), increasingly stringent 

requirements for envelope insulation, and other requirements, it is important that 

cooking-related pollution is properly ventilated. 

2.2.2.1 Current Requirements  

Currently, 2019 Title 24, Part 6 requires by reference to ASHRAE Standard 62.2 that a 

local mechanical exhaust system be installed in each kitchen. In addition, 2019 Title 24, 

Part 6 (by reference to ASHRAE Standard 62.2) allows three kitchen exhaust systems: 

a range hood, a downdraft exhaust system, and (in enclosed kitchens only) continuous 

exhaust; all must be vented to the outdoors. The proposed language for 2022 Title 24, 

Part 6 would not alter the requirement that kitchen exhaust be vented, and for the 

purposes of this Final CASE Report, the Statewide CASE Team uses the terms ñrange 

hoodò and ñkitchen exhaustò to refer to vented systems only. For both low-rise and high-

rise buildings, under 2019 Title 24, Part 6, the kitchen exhaust must meet one of three 

paths:  

1. A demand-controlled range hood with an airflow of at least 100 cfm, or 

2. A downdraft exhaust system with an airflow of at least 300 cfm, or  
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3. For enclosed kitchens only:10 continuous exhaust with an airflow of at least five 

kitchen air changes per hour at 50 Pa.  

Equipment must be rated by HVI (Home Ventilating Institute 2015) or AHAM to not 

exceed three sones at 100 cfm for demand-controlled equipment, or to not exceed one 

sone for continuous exhaust.  

In the existing 2019 Title 24, Part 6 language, HERS Raters are required to verify that 

an HVI label is present on the installed range hood, and that the range hood complies 

with these requirements. Current Title 24, Part 6 Standards have no requirements for 

capture efficiency for removing pollutants.  

Recirculating range hoods (which exhaust air back into the kitchen after passing 

through a filter) are not currently permitted in new construction. The Statewide CASE 

Team conducted a literature review to investigate if some types of recirculating range 

hoods should be permittedðparticularly to explore whether a requirement should be 

added for alterations that would use recirculating range hoods (so would not depend on 

installation of exhaust duct). A 2017 literature review by Rojas et al. found there were no 

scientific studies available on the performance of recirculating range hoods. However, 

the literature review found a German consumer magazine, Stiftung Warentest, that 

tested 21 different range hoods in both extracting and recirculating configurations. 

Results of tests were rated on a five-level scale ranging from ñvery goodò to 

ñinsufficient.ò Although all products were rated ñvery goodò for odor removal in extraction 

mode, only two models had ratings of either ñvery goodò or ñgoodò in recirculation mode. 

The rest of the models had ratings between medium and insufficient (Rojas, Walker and 

Singer 2017). A typical recirculating range hood has an activated carbon filter which 

may remove pollutants such as VOCs but the filtration efficiency over time for PM and 

odors are unknown (EPA n.d.; Rojas, Walker and Singer 2017). There is also little 

evidence of recirculating range hoods that can remove carbon monoxide or water vapor 

(Stratton and Singer 2014). Furthermore, if the home has gas cooking equipment, this 

equipment would produce NO2, which would need to be removed through a vented 

exhaust system. 

2.2.2.2 Illustration of Capture Efficiency  

Capture efficiency is measured as the mass of pollutant removed by the range hood per 

mass of pollutant released. A higher capture efficiency indicates that more pollutant is 

removed. The recently updated ASTM Standard E3087-18 provides a test method for 

capture efficiency, and HVI is currently developing the HVI Range Hood Capture 

 

10 ASHRAE Standard 62.2 defines an enclosed kitchen as a kitchen whose permanent openings to 

interior adjacent spaces do not exceed a total of 60 ft2 (6 m2). 
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Efficiency Testing and Rating Procedure (HVI Publication 917), which refines ASTM 

methods based on results from laboratory work at Texas A&M University. Figure 7 

shows how capture efficiency can vary with airflow rate. This figure shows results in an 

airflow rate (cfm) per linear foot but capture efficiency results as described in this report 

are presented compared with airflow rate (cfm), since industry databases (such as HVI) 

list products by airflow (cfm). 

 

Figure 7: Illustration of range hood plume spillage at different airflow rates.  

Source: (ASHRAE 2011).  

Note that capture efficiency varies by distance of the hood relative to the kitchen range. 

However, optimal placement varies by product. Neither 2019 Title 24, Part 6 nor the 

California Mechanical Code (CMC) require a specific range hood installation height, but 

range hoods should be installed at a distance above the range according to 

manufacturersô instructions.  

2.2.2.3 Related Progress Underway by Stakeholder Working Groups 

Given the health impacts associated with kitchen pollution, several industry groups are 

working to incorporate a capture efficiency rating or requirement, including the ASHRAE 

Standard 62.2 committee. This committee established a working group in 2019 to 

develop recommendations for a capture efficiency requirement for future versions of the 

ASHRAE 62.2 Standard. The working group membership included members from the 

ASHRAE 62.2 committee and range hood manufacturers as well as researchers from 

LBNL and engineering staff from HVI and AHAM. In developing the proposed 

requirements, the Statewide CASE Team collaborated with these groups to coordinate 

development of test conditions for the proposed requirement, so that test conditions are 

aligned as much as possible between 2022 Title 24, Part 6 and industry testing.  
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2.2.2.4 Rationale for Airflow Compliance Paths for Kitchen Range Hoods 

Because manufacturers are still finalizing test conditions for the capture efficiency test 

and are not yet publishing the capture efficiency of their equipment, the Statewide 

CASE Team has proposed the alternative compliance options for kitchen exhaust 

equipment listed in Section 2.2.1.  

The first compliance optionðfor a minimum capture efficiencyðanticipates that capture 

efficiency listings by HVI, AHAM, and other agencies are forthcoming within the 2022 

code cycle, and requires that the ratings be verified to meet a minimum capture 

efficiency that varies by dwelling unit type and fuel for the range. HVI indicated that 

capture efficiencies would be included in listings by October 2020 on a voluntary basis 

and would be made mandatory in October 2021. The second, third, and fourth options 

allow verification based on minimum airflow rates, using data from HVI, the AHAM 

database, or other listings. Section 3.2.2.2 provides data from a sample of range hood 

products that estimates a relationship between capture efficiency and airflow. 

The rationale for compliance paths based on minimum airflow is that laboratory testing 

shows that range hood capture efficiency generally increases airflow, as shown in data 

from LBNL presented in Figure 8. Note that this figure provides results using a different 

method (called the ñpollutant methodò) than the ASTM Standard E3087-18. This figure 

is presented because there is no equivalent data available using ASTM Standard 

E3087-18, and this figure illustrates how capture efficiency increases with airflow rate. 

Although the quantitative relationship (correlation) between capture efficiency and 

airflow will be different under ASTM Standard E3087-18, the qualitative finding 

(increased capture efficiency with increased airflow) will hold. In the figure, each range 

hood product is represented by a letter and number (e.g., L1, B1). The figure also 

illustrates that capture efficiency is higher at the same airflow for back burner cooking 

than front burner. For example, the regression lines indicate that at 200 cfm, back 

burner capture efficiency is approximately 85 percent while front burner capture 

efficiency is approximately 50 percent. 
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Figure 8: Capture efficiency of kitchen range hoods, as measured via ñpollutant 
methodò.  

Source: Performance Assessment of U.S. Residential Cooking Exhaust Hoods (Delp and Singer 2012) 

2.2.2.5 Consumer Range Hood Behavior 

Because range hoods typically require occupants to turn them on, the Statewide CASE 

Team investigated how often occupants engage their range hoods as part of its market 

research. Figure 9, below, provides results of a survey from LBNL in the Healthy 

Efficient New Gas Homes (HENGH) project of how often occupants reportedly used 

range hoods when they used the cooktop. As shown, most occupants reported using 

their range hood at least sometimes, although most do not use it all the time that they 

cook. 










































































































































































































































































































































































































































